Summary -Metabolic syndrome (MetS), which is a cluster of medical disorders, is common and it is associated with increased cardiovascular morbidity and mortality. The aim of this study was to evaluate the relationship between characteristics of metabolic syndrome and the grade of diastolic dysfunction. The study included 72 patients (29 male and 43 female), who had central obesity and at least two of the other four characteristics of metabolic syndrome according to IDF (International Diabetes Federation) criteria. The exclusion criteria were age above 65, impaired systolic function (left ventricular ejection fraction <55%), atrial fibrillation, valvular and pericardial heart disease. Diastolic function was determined according to the criteria of the American Society of Echocardiography. There was a positive correlation between the number of characteristics of metabolic syndrome and the diastolic dysfunction grade (p<0.0001). The positive correlation was found between the grade of diastolic dysfunction and the waist circumference (p<0.0001), arterial hypertension (p<0.001), pared glucose tolerance/diabetes (P=0.0063), and hypertriglyceridemia (p=0.0262). A low level of high-density lipoprotein did not show a statistically significant correlation. The presence of metabolic syndrome is associated with the presence of diastolic dysfunction. The grade of diastolic dysfunction is dependent on the number of coexisting characteristics of metabolic syndrome. Arterial hypertension, central obesity, hyperglycemia and hypertriglyceridemia showed a significant correlation with the degree of diastolic dysfunction.
Introduction
Metabolic syndrome (MetS), which is a cluster of medical disorders, is common and it is associated with increased cardiovascular morbidity and mortality as well as with increased risk of heart failure. According to International Diabetes Federation (IDF) metabolic syndrome is defined as the presence of central obesity plus any two of the following four factors: a low level of high-density lipoprotein (HDL) (or specific treatment for this lipid abnormality), high triglycerides (or specific treatment for this lipid abnormality), arterial hypertension (or treatment of previously diagnosed hypertension) and fasting hyperglycemia (or previously diagnosed diabetes) [1] . The prevalence of MetS in industrial countries is about 22% of adult population, and over 40% of those aged 50 and more [2] [3] [4] . It is also well known that the prevalence of MetS is dependent on the sex and ethnicity. There are no data of MetS prevalence for Serbia, but a research performed in the city of Niš in 2005, which included subjects aged 46.6 on average, showed the prevalence of 43.3% [5] .
The risk factors clustering MetS have been shown to act both individually and synergistically, via mechanisms poorly defined, to increase the risk of adverse cardiovascular events including coronary artery disease and congestive heart failure, and they are associated with high cardiovascular morbidity and mortality [3, 6] . Although studies have shown that hypertension, diabetes mellitus, and obesity adversely affect cardiac structure and function, the extent to which individual and clustering components of metabolic syndrome predict subclinical left ventricular (LV) systolic and/or diastolic dysfunction has not been characterized well [7] [8] [9] [10] .
The purpose of the study is to assess the association between the increasing number of characteristics of metabolic syndrome and the grade of left ventricular diastolic dysfunction in our population.
Material and Methods
The research included 72 subjects, both males and females, without clinically manifested symptoms and signs of congestive heart failure. All of them had central obesity and at least two of four characteristics of MetS according to the IDF criteria. The exclusion criteria were age over 65, reduced systolic function (left ventricular ejection fraction<55%), valvular and pericardial heart disease. All subjects underwent history and physical examination. Central obesity was determined according to the IDF criteria for the Europeans as the waist circumference ≥94cm for men and ≥80cm for women. The waist circumference was measured with flexible, non-distensible measuring tape at the middle point between the inferior margin of the ribs and the anterior superior iliac crest taking the nearest round centimeter [11, 12] .
Other characteristics of metabolic syndrome were considered positive if were as follows:
Hypertriglyceridemia: >(1.7 mmol/L, or specific treatment for this lipid abnormality, Blood samples for laboratory measurement were taken after 12h fasting period. Blood pressure was measured by mercury sphygmomanometer after ten minutes rest using the mean value of two consecutive measurements. Echocardiographic examination was performed using General Electric Vivid 4 ultrasound system. Left ventricular diastolic function was assessed by pulse wave (PW) doppler measurement of E wave, A wave velocity and E wave deceleration time of mitral inflow in four chambers apical view placing sample volume at the tip of mitral leaflets. Velocity e' was assessed by tissue doppler (TDI) in four chamber apical view with 2mm sample volume placed at septal mitral annulus. Values of E/A and E/e' were calculated. The grade of diastolic dysfunction was determined according to the American Society of Echocardiography criteria [13] (Table 1 ).
All subjects were categorized into appropriate groups according to the number of characteristics of metabolic syndrome. The grouping was done by the presence of three, four, or five characteristics. The grouping by diastolic function was as follows: no diastolic dysfunction, diastolic dysfunction grade 1 (delayed relaxation), grade 2 (pseudonormal pattern of transmitral inflow) and grade 3 (restrictive pattern of transmitral inflow).
The data were processed by SPSS v17 software (SPSS inc, Chicago, Illinois, USA) and they were presented as mean values ± SD for quantitative values, and as proportions for qualitative values. Chi square was used to calculate p value. P value less than 0.05 was considered statistically significant.
Results
The investigation was performed in the period from were diagnosed with metabolic syndrome. Ninety six of those patients matched the age criteria (≤65y). After echocardiographic examination 72 of 96 met all inclusion criteria. In the study cohort there were 29 male (40.2%) and 43 female (59.8%), their average age being 54.8±7.1. All of the subjects had central obesity (100%) as an obligate inclusion criterion. High blood pressure was found in 70.8%, raised fasting glucose or diabetes in 43.1%, low level of HDL cholesterol in 80.6% and high level of triglycerides in 86.1%. There were 40.3% subjects with three, 38.9% with four and 20.8% with all five characteristics of MetS (Graph 1.)
Twenty two of 72 subjects (30.6%) did not meet criteria for diastolic dysfunction (normal diastolic function), 34 (47.2%) subjects had Grade 1 diastolic dysfunction, 13 subjects (18.1%) had Grade 2 diastolic dysfunction and 3 (4.2%) had Grade 3 diastolic dysfunction (Graph 2.)
In the group with normal diastolic function, there were 81.8% with three presented characteristics, 18.2% with four characteristics, and none (0%) with five characteristics of MetS. In the group with first grade of diastolic dysfunction, there were 29.4% subjects with three characteristics, 62.8% with four, and 17.6% with five characteristics of MetS. In the group with second grade of diastolic dysfunction, there were 7.7% with three, 38.5% with four, and 53.8% with five characteristics of MetS. Finally, in the group with third grade of diastolic dysfunction there were no subjects with three criteria, 33.3% with four and 66.7% with five criteria for MetS (Graph 3.)
A statistically significant correlation was found between the number of existing characteristics of MetS and the grade of diastolic dysfunction (p<0.0001). In Table 2) .
Discussion
Cardiovascular diseases associated with metabolic syndrome comprise vascular and myocardial abnormalities that are usually manifested as impaired relaxation of the left ventricle. This myocardial dysfunction is characterized predominantly by diastolic dysfunction consisting of relaxation abnormalities that are prevalent and have prognostic importance [14] . The correlation between the intensity of metabolic syndrome and the presence of diastolic dysfunction is well documented [15] [16] [17] , as well as the fact that the grade of diastolic dysfunction is associated with the intensity of metabolic syndrome [15, 18] .
Obesity prevalence is rising all over the world and makes an important risk for morbidity and mortality of cardiovascular diseases. Some earlier studies have pointed that central obesity contributes to structural and functional cardiovascular abnormalities directly by disproportional increase of cardiac output mediated by adrenergic stimulation and indirectly by increasing left ventricular mass [19] [20] [21] .
The results of PROCAM (Prospective Cardiovascular Münster) study, performed on a sample of 2754 males aged 40-65 years followed over a four-year period, indicate that patients who had hypertension only or diabetes only, had a 2.5 times increased risk of cardiovascular morbidity. The patients with diagnosis of both diabetes mellitus and hypertensive disease had an eightfold increase in their risk. There was a twenty-fold increase in the risk of cardiovascular events in the patients with diabetes mellitus and coexistent hypertensive disease and associated abdominal lipid profile [22] . Strong Heart Study data have indicated that diabetes has independent adverse cardiac effects which may contribute to cardiovascular events in diabetic patients [23] . There is a documented association between the duration of diabetes mellitus and the degree of LV diastolic dysfunction [24] . In the same paper, it is pointed that not only microvascular disease plays a role in the development of decreased LV compliance, but also autonomic deregulation and cardiac fibrosis, which are the well known consequences of diabetes, are involved in evolving LV diastolic dysfunction.
Hypertriglyceridemia, as an independent risk factor influencing diastolic function, was also previously documented [15, 16, 25] . It has been shown by experimental models that the accumulation of triglycerides in cardiac myocytes is related to diastolic dysfunction in obese mice [26] .
Low levels of HDL cholesterol in some studies were associated with left-ventricular diastolic dys- function [15] , but in others were not [27] . There is no explanation for that difference, but it could be related to ethnic differences of studied subjects.
The results of our study on the population aged 65 and less, without clinical signs of congestive heart failure confirms the existence of relationship between the intensity of metabolic syndrome (rated by the number of coexisting characteristics of MetS) and left ventricular diastolic dysfunction as a parameter of subclinical organ damage. First grade of diastolic dysfunction (impaired relaxation) was the most common disorder. Central obesity, arterial hypertension, impaired glucose tolerance and hypertriglyceridemia were related to the grade of diastolic dysfunction, and these results are consistent with the results of previously published studies.
Our results are consistent with the findings of other studies which have not confirmed that low levels of HDL cholesterol are associated with an increased risk of diastolic dysfunction.
Conclusion
The presence of metabolic syndrome is related to the presence of diastolic dysfunction. The diastolic dysfunction grade is associated with the number of characteristics of metabolic syndrome. Central obesity, hypertension, hyperglycemia and hypertriglyceridemia showed a statistically significant correlation with the degree of diastolic dysfunction. 
